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N 1965, intracellular iron inclusions were found in biopsy material from the ventrolateral nucleus of the thalamus and from other organs of patients with Parkinson's disease, 4 obtained by means of the AsenjoImbern6n stereotaxic technique? This finding led to research in which 100 mg of iron in the form of iron dextran were injected intravenously every week into 40 rabbits and 12 monkeys (Cebus albijrons) up to a total dose of 3 to 4 gm. When the rabbits had received a cumulative dose of 800 mg of iron, and the monkeys, 500 mg, they developed a peculiar tremor that was evident clinically and electromyographically. These neurophysiological findings have already been published in detail?
Method
The animals were killed successively after different cumulative doses had been reached, always 7 days after the last injection. Both injected and control animals were treated as follows. Under general anesthesia, the deep jugular veins were dissected. The left cardiac ventricle was punctured, and samples were obtained for blood iron and latent iron binding capacity determinations. Through the same puncture, the left cardiac ventricle was injected with 2 liters of isotonic sodium chloride solution. The proximal end of the jugular vein and the suprahepatic and cava veins above the diaphragm were ligated. Simultaneously, the distal ends of the jugular vein and of the suprahepatic vein were cut below the diaphragm. The abdominal aorta was ligated below the origin of the hepatic artery. Perfusion from the aorta through the carotid and hepatic arteries eliminated the circulating blood from the brain and liver; this is essential for correct measurement of tissue iron. The liver and brain were excised and Received for publication September 25, 1969.
weighed. Aliquots were taken for inorganic iron determination. There was no difference between the two groups of animals as to weight of body, liver, or brain.
Results
Iron was measured in blood, liver, cerebral nuclei, and cerebral cortex of 19 norreal rabbits and 12 rabbits injected with 100 mg of iron. All blood samples were corrected for hemoglobin iron. The techniques have already been described? Table 1 shows that results obtained in blood and liver samples were similar to those found on previous occasions, ~ the injected iron accumulating at once in the liver. However, when total brain iron was measured in rabbits injected with 500 to 2750 mg of iron, ~ it was not found to be very different from normal; this suggested the existence of a blood-brain barrier to the iron dextran complex. The iron contents of the basal ganglia and cerebral cortex have now been measured separately and plotted in Fig. 1 against the amount of iron injected. The regression coefficients of both lines are different from zero (respectively, 19 = much less than 0.001, p = less than 0.02). Obviously, iron is deposited in the brain, in direct proportion to the amount administered.
The difference between Fe N (iron in the basal ganglia) and Fe C (iron in the cerebral cortex) was not significant in the control group (p = higher than 0.90) but significant in the overloaded group (p = less than 0.02). There was a significant difference (p = 0.02) between the means of the differences Fe N minus Fe C of the normal and injected groups. It follows that the basal ganglia, which contained about the same amount of iron as the cortex in control animals, received most of the iron that crossed the blood-brain barrier. This is an interesting finding, in view of the fact that these ani-Elisabeth Oberhauser, Vera Weinstein and Alfonso Asenjo mals developed a tremor very similar, electromyographically, to that in parkinsonism, + and that patients with Parkinson's disease have intracellular iron deposits in the basal ganglia. 4 All determinations were carried out in duplicate. The variation coefficient was much smaller than the variation coefficient within each group of animals (p = much less than 0.01) so that the intragroup variance was n o t due to dispersion of m e a s u r e m e n t s . It can therefore be concluded that, when animals are experimentally overloaded with iron, after a certain cumulative dose the metal crosses the blood-brain barrier and is fixed by cerebral tissue, at the basal ganglia rather than at the cortex.
Effects of Iron Overload

Summary
Forty rabbits and 12 monkeys were intra, venously injected with an overload of iron in the form of iron dextran. After a certain cumulative dose, the animals developed a neurological syndrome which included abnormal movements similar to the parkinsonian tremor. Simultaneously, iron was observed to have crossed the blood-brain barrier and appeared in the brain. The concentration of iron found in the basal ganglia was significantly higher than that in the cerebral cortex.
